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ABSTRACT 



A method and an apparatus for ofF-hook detection in a 
sut)scriber line interface circuit responds to a ringing signal 
which preferably lacks a DC component. A signal is gener- 
ated that is a function of the line current ttu-ou^ the 
subscriber line, and the time at which the signal exceeds a 
predetennined current value is measured. The measured 
time is con^xared with a predetermined time value, and an 
off-hook indication is produced in a processor depending on 
the comparison. 

9 Claims, 4 Drawing Sheets 
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METHOD FOR OFF-HOOK DETECTION telephone within 200 ms after a resistance of 3000 is 

DURING RINGING AND THE XJSE OF A coupled to the line, which shall have a loop resistance ^ 

SUBSCRIBER LINE INTERFACE CIRCUIT (Rdc-400) CI where Rdc = the line resistance 4430 i.e, 

FOR OFF-HOOK DETECTION DURING the resistance in the paired cable to the subscriber 4400 £1 

RINGING 3 which shall represent ao ordinary telephone +30Q which 

BACKGROUND represents Ae resistance from the connection box. 

THe present invention relates to a method for off-hook The ring trip dctertorshan on the not raici 

detecdon during ringing in a subscribe Une interface circuit "Pon coupling of 10 klHS jiF or coupling of 200 Q during 

as well as the use of a subscriber line interface circuit for the 12 ms. 

above mentioned detection. SUMMARY 

Installation costs for new cq>per lines are increasing and 

make up a large part of the total installation cost The society The object of die present invention is to provide ofif-hook 

of tomorrow will have a need for higher cecity than what indication during the occurrence of a ringing signal which 

the coppa/coaxial cable systems of today can handle. New preferably lacks a DC component with certainty and in a 

teleservices will be introduced, which will demand higher fast and simple way thai can be accomplished with a SUC 

inf<mnadon transfer together with the expansion of the cable that is only sli^tly modified. 

television networks. Through cof^dination of the teleser- jhis object is achieved through a method with die steps of 

vices wifli TV on the same optical fiber the installation costs generating a signal whidi is a function <rf the line current 

could be lowered considerably. The last bit of cable to the through the subsaibcr line, 

subscriber is however still paired cable of copper. measuring the time the signal exceeds a first reference 

m^h short lines there does not exist a need for as strong ^^^^ rqjresents a predetermined current value, 

ringing signals out firom die Une as yoft ^ong^. l^t the measured time with a predetermined time 

lower voltages for ringmg on the hnc interface board enable 7i 

ringing widi an integrated circuit, the so called subsoibcr , "f « , . ^ ^ ^ ,u • * 

linf^Lface circuit(SUC), which means that no ring-trip ^ . Jjdicating off-hook m dependence of cornpanson 

relay is required. A problem which however needs to be 5^^^^^^?^^"^'^^ T^^h'^ 

solved is to quickly trip the ringing signal when the sub- method for die provision of off-hook indication upon the 

scriber lifts the phone i^ order toPvent the strong currents ocamcnce of a imgmgagnal without DC^ 

whidiotherwisTthreaten to destroy me SUC. ^ Z'^ ^t^T^ 

At conventional ring trip detection, i.e. the detection of ^ J^'l^'^'^'^t^^^ 

when \^^^J^^^^ ""'i^ rr o^erite^s^^^^^^ is to avoid 

unnS^S^sdlLionintheo^^ 

phone IS f (f -^<><>^)f^^*.^^^^ nus object is accomplished through the measuring step 

loop It should however be pomted out tiiat the bell is AC ^^^^^ J^^^ ^ from when the signal rises 

^'^^Hr . , ^ , * *. ^ above die first reference value to when it falls below a 

TTiere the 7/^««^^,^f^ second reference value, whid, is sligbOy offset from the first 

devices and mc&ods for die detection of this DC shift See reference value 

forinstanaPateittAbstta^^^ Yet anodier o^jject of the present invention is to provide a 

abstract of JP-A-58-97950 (FUJITSU K. K), Jun. lOdi 19«3 40 use (rf a SIJTC 

'fl^'^'cV^^JS!^ TOsobjectisaddevedthroughtheuseofaSUCtodctect 

« Vi DE-B2-2014950, ™- No- «5, whcxa>y a detector which is included in the SUC is 

456. AU of diese documents thus dcsoci^^^ ways of >^ ^ ^ ^^^^ 

detectingtheoccmrenceofaDClevelindiertoi^ngsl^ 45 S^t tfuough the subs^b^r Une and to measure the time 

The voltage range in a SUC is howcvffhmitcAwhidi is ^^^^^ ^ reference value (V^, which 

why it would be desirable to remove the DC level whitA represents a predetermined current value, and emit a signal 

ocOTttaUy occurs when the hook is off during rmging. A SUC jcpresenting the measured time to a processor for oompari- 

b described in Swedish Patent /^cation No. 9400185-6, ^ ^ predetermined time value for the indication of 

which corre^nds to U.S. Pat No. 5^53,132 issued Sep. 3, 50 off-hook during ringing. 

1996 cntiUed ^'Method and an Arrangement for Generating ^^^^^ ^ ^ advantages cf die present invention will 

a Ringing Signal** that is incorporated here by rcfaence, ^ djrough die following description and daims. 
whidi con^nises a ringing signal generator and a ioop which 

removes die DC level from the ringing signal when die hook BRIEF DESCRIPTION OF THE DRAWINGS 

is off during ringiiig. ^ , , "The present invention is described in more detail below 

Yet anotiier deface whiA ^^^^^f^J^^^^^ . wheie reference is being made to die appended drawings, 

during rmging is descrit)ed m WO-A 1-930 lo7o (FUJITSU «,fccre 

UMTTED et aL)» 2 Jan. 1993. This device detects when a - . „ tr- «-*k^ o,^,^ 

-1 . . ii ^ ^»«^<w4 in FIG. 1 shows a SUC which performs the method accord- 

ringing current dirough a resistor, whi Ai^ coim«n«l in . embodiment of thTprcsent invention, 

scries widi a ring signal genexatOT, exceeds a dsreshold, 60 l|v ' *^ j« „ 

which detection causes a detection signal for off-hook HG. 2 shows a diagram of die hne current as well as die 
during ringing to be emitted by die device. TTus ringing voltage over die hne wires during on-hook and off-hook. 

. signal does also include a DC con^ncnt during off-hook FIG. 3 shows grq)hs of the line current during off-hook 
In diis device die time die dircshold is exceeded does not and on-hook as wcU as die output of a detector which is 
seem to be used in the indication of off-hook during ringing. 65 included in the SLIC1 

According to die specification BELLCORE TR-TSY- HG. 4 shows a circuit whidi implements part a second 
000057 the ringing signal shall be disconnected from die mediod according to the present invention and 
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FIG. 5 shows graphs of the line curreQt during on-hook input R via a resistance ZR. The cunent through the current 

and off-hook as well as ou^ut signals from the detector in input R supplies current to (he current amplifiers A and B fen* 

a SLIC comprising the circuit in FIG. 4. modulation of these to generate the ringing signaL This 

device provides ringing in the SUC without any DC com- 

DETAILED DESCRIPnON 5 ponent and is described, for example in Swedish patent 

^ . ^ . ^ ^ . . appUcation 9400185-6. 

H fl^l K """"SH?"" *r ^^"'1!^ " In FIG. 1 is finaUy show a detector NDh which origi- 

detected which appears because of toe inipcda^ arranged for off-hook detection although not 

cnceberween Ae ^ped^^ Ae bcll(s) andthe te^^ ringing. TTie detector NDl includes a comparator. A 

1 telephone^ 1 REN: 7 M relaUve to 7 KV/400n-^7 k dep^dentonrentsoura ID is connected across^e input of 

relative to 378 IX. an iinp«lancc diffara^^ comparator, which also saves as an output RD of the 

5 telephones 5REN: 1.4 kn relaUve to 1.4 kfl//400n-4l.4 suC Am>ss this output RD is aiesistance RM) connected, 

k relative to 311. Le. an mipedance difference of 4.5 times. ^h^ ^^^put DETl of the comparator is connected to a 

FIG. 1 shows a subscriber line interface drcuil PABX- processes' (not shown) which is external to the SLIC. This 

sue PBL3764 which according to a first embodiment of processcr is also anranged to be able to trip the ringing 

the method according to the Inventloo detects off-hook ctureot from the ring signal generator U. The dependent 

during ringing. In the figure a telephone 5REN is shown as current source ID in the detector NDl is in a known way 

a resistance <tf 40QQ in series with a switch (TELEPHONE connected to Che measuring resistances R2 and R4 (not 

HOOK), which are connected in parallel with a resistance of shown) in order to generate a cuirent which is a linear 

386n in series with a capacitor of 40 pK A first end of the ^ function of the line cunent 

telqAone 5REN is connected to one input LA on the SUC piG. 2 shows a simulation of die line current il during 

via one of the subscriber line wires, which wire includes die nuging, where fl=iLB-iLA, and with a load of 5REN (bcU 

Jin£JSSlj!52^^^ an tj <hc protection resistance rsL The input =7000+2 |iFf22 H) and a line resistance of OQ and die 

LA is conn(^gd^o tHTwi imtori tmda m6m iet A via a frequency 20 Hz as a fonctioa of time at on-hook and 

measurinfi resistance R2. where the inverting input ofme ^ off-hook states. In die figure is also shown a simulation of 

amplifier A is connected to die output and the non-inverting voltage at the A- wire OTP) which represents LA as well 

input is connected to die subscriber line via a resistance R3. as die voltage at the B-wire B (RING) which rqa-csents UB. 

Hic non-invciting input of the current amplifier A is alsb in the figure one can see that die voltage up to die time 

connected to a potential uc via a cqiadtor CA. A cunent indicated by the dashed vertical line is phase displaced from 

source lA which is dependent on the potential uc is also 3^ the current proximately -60^ at which point in time die 

connected between die non-inverting input ci die current off-hook stale occurs and die current rapidly rises and 

amplifier A and ground. A second end of die telq>hone cunent and voltage are substantially in phase. Although it is 

5REN is in die same manner connected to an input LB on die pot clcariy shown here die line current a does not include 

SUC via die odier subscriber line wire, whidi includes die ^ny DC-component in die off-hook state as it is die momcn- 

line resistance rl2 and die protection resistance rs2. The tary value of die line cunent iL 

input LB is connected to did output oHr^Srent ampnSer B 3 ^^^3 measured results from a device according to 

via a measurmg resistance R4. whae die mvcrting mput of ^ off-hook detection duringringing. In dic figure die 

me amplifier B is connect<^ to the ou^t and die non- ^^^^ ^ (^j^ ^ ^ ^^j^ ^ ^^^^ 

invemng input is connected to die subsoibcr line via a ^ DETl from die detector NDl, Rcfcx- 

resi^ce RS. The non-mvertng input of the current ampU^ 40 ring to FIG. 1 and 3 die meUiod according to die first 

fier B IS also connected to a potcntia^ uc via a capaator CB. embodiment of die invention is carried out in die following 

A current source IB whidi is dependent on die potential uc manner* 

h abo cono«ted between the non-mvating inp«t of tte Ti«a,,rcn»tluttl«VMaiecmre»t«m.plfflerA(-lLA)an<l 

airent amplifier B and ground Tbt inpoU LA and LB of the ^ thai goes into the cunent aSer B (=iLB) are 

sue are also, eadi via an anmhfier with the amplification , •»•<-■• s"" ^mmm^u^ ay ai« 

of 1 in series ^ a - fesisten^ ^ and r8 reLctivelv ^ measuring resistaooes 1(2 and R4 and are 

ot j_tn senes wim a reawance K/ ano KB. respecuyciy, ju„^ (iLB-iLA) in order to obtain the transversal line 

t.""" °°?-*»r=«^8 lnp« of an op<«tional cuiiew In the d«endent c^^^ © rftt^^ 

amphfler with ampbfication 1. whoseinveiting input is ^f^^^^^SZ^^^^^tt^X 

connected to the mtaconnectionpomt between mo equally fj^j^^^^ ^ dSSmdned duougb the resUtancc 

large resistances R9. RIO which are connected in series. ^ iS^rrrrfii!^—. j 7 ^-TT^L m • T ^""""t^ 

wUc* resistances are connected between ground and die * ^^.^h ^l''^ xT^Ll T 

onniv »»it<i«. VRW «f >h. CT in XK. .1.. ""^ dctectoT NDl. The detector levels and V^-AV 

supply voltage VBB of die SUC. He output <rf the Utter ^ . j ^ resistance RD set foTthe detection 

opaahonj^^ of AednS^At from when the line current 11 rLes above alrst 

^ ^ ^ ^ ^ ^ predetermined current value to when it falls below a second 

mab<^edescnl>edcoiiip(^ 55 predetermined reference value. The second prc-detennined 

and tbek frinoions arc wcU known and wiU not be ftmhcr ^^^^ ^^^^ ^ff,^ the first reference 

described in diis dcscnption. ^^u^ preferably by 1 -2% <rf die first reference value, and 

In FIG. 1 one of die subscriber line wires LA is also bodi arc set in an interval between die maxiimim on-hook 

connected to die first input of an operational amplifier line current and the maximum <^-hoQk line current. The 

UUAB, whose odier input is connected to die interconnec- « ou^ut DETl of die detector NDl has a high signal level as 

tion point between two equally large resistances RU, R12 long as the line current il is lower dian the predetermined 

which arc connected in series, which resistances are con- cuircnt Icvck. When however die line oirrcnt il rises above 

nccted between ground and die supply voltage VBB of die the first predetermined current level die ou^ut DETl goes 

SLIC. low and stays low until die line cuircnt il falls below die 

The ou^ut of the operational amplifio* UUAB is con- 65 second predetermined current level. The second level is 

nected to die cutrent input R of the SUC via a resistance ZT. offset from the first in order to achieve hysteresis. The output 

A 20 Hz signal generator U is also connected to tiiis current DETl of the detector NDl is dien processed in the processor 
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in order to indicate Ihc o£F-hook state in such a way that the to the processor in the fonn of a pulse. In the figure two 

time At that the output DTI stays low is compared wito a pulses At are shown in order to illustrate that the detector 

credetermined time lengths, preferably a sixth of the period ND2 reacts upon both the positive and^negative half periods 

of the ringing signal, and ofif-hook is indicated if this of the line current but in reality the ring signal generator is 
wedctccmincd time length is exceeded, after whidi the j switched off after the first pulse. In the case of IREN a pulse 

processor trips the ringing. width At of 17 is was obtained and in the case of 5REN a 

This method shows the following advantages: pulse width At of 2 1 ms. The predctOTnincd time value they 

^Noextni^dctect^fordetecdng^^^^^ Te'rrer.^E^r time value is exceeded the 

fewer external components. ^ . . „ The advantage of this second method is that off-hook 

The dlffoence in hne cunent between on-hook a»l off- ^^^^^ ^aang is aceonmlished during both the 

hook tinging is not quite proportionid to the line load, due ^ j, ^ 

to the fact that the araplUi^tion 4-^2 is not coosUujt. fasterAan the first method. 

A current '^<^<^ of about 2.7 Umes .s ohtomedin fte 15 ^ ^ simulations (not shown) have also been 

worst case, whldi difTcrcnoe should be possible to detect ^ ^ embodiment of the method at different 

with a current sensing loop detecto. ^ . resistances as w«ai as telephone resis- 

In HG. 4 is showti a circuit which unptements a d^cn- f^ft^n what is mentioned in TO-TSY-000057. Tl>ey aU 

dent cunent source in a SUC which perfonns a method acceptable pulse widths are obtained that exceed 

ac«,rdingtoy.^ndeinbodl^l^^^^^^ 20 u,, ^ao^V««»«^ed time value, 

nus circuit already exists m the SUC named PABX-SUC ^^^.^ ^ ^ ^B, 

PBL3799 and comprises f<wvoltage/aurem a^ according to FKS. 1 for the off-hook detection without 

3 and 4. whereby Ae voltage/cunent ""M-fi^^Jl- 2 ringing should be retained whilst perfonning a method 
connected across the resistance R2. which in FIG. I is ^ ^ invention one can easUy devise a new 
connectedtoaeinputl^andthcam^ 25 ^^j, f„ «a,fcook detection during ringing. THis can 
a current I^/K and -l^K. which both represent the anient ^ aooompUshed through the it^histolTof a new 
I, with K being a constant. The voltage/current amphfiet^3, ^^^^ ^ ^ ^ dependent ctnreot scarce. Le. a dou- 

4 are m the sanie way connected across the resistance R4. ^^^^ or^ugh connection of an oitenial 
which in FIG. 1 IS connected to the input LB, and whidi ^ ^ SLI^. in which Utter case 
amplifiers 3. 4 each s.yplyacui«ml3«aiid-iyK.wt«^ 30 ^ ^ dependent current source in the detector in the 
represent tte current I, and with K bang a constantTTie » ^ ^ ^ 

ou^nits of the voltagp/cuitent amplifiers 1, 3 are intiacoD- ^. 

nected and connected to afint input teiminal of a compam- ^ ^ o£F-ho<* detection at a subscriber line 

torviaa fint diode DllUe onlpats of the voltagetaineitf occunence of a ringing signal 

amplifiers 2, 4 are in the same manner rntemnmecled ""^ 35 ^ ^ component, <»ii^dng the 

connected to the same input terminal of die comparator via -tens of- 

a second diode D2. The second li^wt terminal of the ^ ' fi.„^^ ^ . nn~«t 

oomparatorisgioundedandtheresWaiSeRRDisconiieclttI » f^**"" « 

bew^ntheseVotominds. In this figure the two current through the subsoiber hne; _ . . 

amplififfs A and B from PI0.1 are also shown. Hie cuncnis 40 measurmg a tune the signal exceeds a first reference value 

Llnd I„ represent -iUV and iLB iiom HG. 1. Hie voltage/ represents a predrtcimined cwrcnt value, whaein 

(Parent SnSfiers 1, 2. 3 and 4 together with the diodes Dl the time is measured from when toe sip^ 

and D2 todiis circuit make up a depeodent current source "^Tt 

which emits a current I„ that is auction of the absolute ^"e- which is slightly offset firom the first 

value of the line current This current Id mns dirough the 45 reference value 

resistance RRD and the voltage thereaaoss I^^RRD is used oon^iaring the measured tame with a predetenmncd time 

as a signal representing the absolute value of the line current value; and 

and is supplied to the comparahw. On die output of the indicating off-hook in dependence of the comparison, 

comparator a output signal DEH is then obtained. If the 2. The method acceding to daim 1, further comprising 

amplifiers 2 and 4 as well as die diodes Dl and D2 are 50 tripping the ringing signal upon off-hook Indication, 

removed the dependent cuneot source according to FIG. 1 3. The method accenting to daim I, wherein the prede- 

is obtained. tcrmined current value lies witinn an interval between the 

In FIG. 5 is finally shown simulations of the line current maximum on-hook line cuneot and fiie maximum off-book 

il with a bell of SREN and line resistance of 00 and a bell line current. 

ctf IREN and line resistance ol 2000. both with a frequency 55 4. The method according to claim 1. wherein die prede- 

of 20 Hz. and the output signal from die detector ND2 tennined time value is greater ttian or equal to a sixth of a 

according to FIG. 4 for ttiese signals at on-hook and off- period of the ringing signal 

hook states. The tdephone hook is on up to the time 5. The method acawding to daim 1, wherein the signal is 

indicated by die solid vertical line designated Off-Hook, at a linear function of the line current, 
whidi point in time flie off-hook state occurs and die line 60 6. The mediod according to daim 1, wherein die signal is 

current U increases. The output DER of die detector ND2 a function <rf the absolute value of die line current 

has a low Icvd up to die above mentioned point in time but 7. A subscriber line interface circuit induding a detector 

when flie absolute value of respective line current rises for off-hook detection during ringing, wherein the detector 

above the first pcedetennined cuirent value the ou^wt DEr2 generates a signal ttiat is a function of a line current tiirough 
oftiie detector goes Ugh and stays hig^ until die line current 65 the subscriber line and measures a time that die signal 

a falls below die second piedeteimined cuirent leveL The exceeds a first reference value dial represents a predeter- 

time ^ diat the ou^t DETl stays low Is dien transmitted mined cuneot value; the time measurement is made from 
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when the signal rises above the first reference value to when 
it falls below a second refereace value, which Is slightly 
offset from the first refetence value; and the detector pro- 
vides a signal rqx-cscnting the measured time to a processor 
for comparison with a predetermined time value for indi- 
cating off-hook during lioging. 



8 

8. A subscriber line interface circuit according to claim 7« 
wherein the signal is a linear function of the line current 

9. A subscriber line interface circuit acc(xding to claim 7. 
wherein die signal is a function of the absolute value of the 
line current 

***** 
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